Water resources are important natural resources and play a key role in economic development and social life. China is one of the countries with the most serious water shortage in the world. In the next few decades, the contradiction between supply and demand of water resources will always plague China. Increasing the use of unconventional water resources to mitigate the water crisis is necessary way to achieve a sustainable development. There has been no effective standard yet in China to evaluate the exploitation level and potential of unconventional water resources. This study describes the current status of the exploitation and aims at establishing an evaluation system incorporating the three relevant factors, namely, driving, restrictive, and risk factors respectively, and provides a theoretical basis for the management of unconventional water resources in China. In order to mine the relationship between data and evaluation indexes, the rough set theory is adopted to determine the weight and objectively reflect the importance of each evaluation index. On the basis of the evaluation system, relevant data from 2006 to 2017 in Beijing were selected, and the results show that the urgency of unconventional water resources development in Beijing was generally on the rise with a small fluctuation range.
Introduction
Water resources play a key role in people's daily life and social development. In recent years, water shortage is becoming a serious problem in China with the rapid development of Chinese economy. From the western countries' experience in coping with the water resources crisis [1] , the development and utilization of unconventional water resources is an important way to make up the shortage of water resources in China. Unconventional water resources mainly include rainwater resources, reclaimed water resources, seawater, brackish water and other water resources, which are different from surface water and groundwater in general sense [2] [3] [4] . As the contradiction between limit supply and vast demand of water resources intensifies, the Chinese Ministry of Water Resources issued the guidance on integrating unconventional water sources into the unified allocation of water resources in 2017, trying to further improve the utilization efficiency of regional water resources by improving the development and utilization of unconventional water resources, including reclaimed water, rainwater, brackish water and desalinated seawater. It is particularly important to evaluate the present situation and development trend of unconventional water sources scientifically.
At present, there are many studies on evaluation methods of unconventional water resources utilization, but no unified standard and recognized method has been formed so far. Scholars usually use analytic hierarchy process (AHP) or principal component analysis (PCA) to establish and conduct analysis. For example, Bojan (2008) used Fuzzy AHP method to evaluate water resources in some areas of the the Paraguacu River Basin, Brazil [5] ; Jung et al (2016) used PCA method in the evaluation of water situation in the Naidong river basin [6] . The similarity between these two methods is establishing the evaluation index system first, then determining the weight level according to the expert's rating of the importance of each index, and finally bringing the weight into the evaluation. Another method to evaluate water resources utilization is using rough set theory. As early as in 2002, Pawlak proposed the concept of knowledge granularity deduced it theoretically [7] . In terms of basin water resources allocation and evaluation of future water resources, many scholars put forward a new theoretical framework based on the rough set theory. For example, Zeng et al. (2006) provided a new idea for water resources allocation in arid areas based on the conflict analysis method of rough set [8] , which avoids too much reliance on the experts' experience comparing with AHP and PCA [9] . The greater the amount of information, the more objective the attribute weight was.
This study aims to establish an evaluation system on rough set by determining weight based on the data from 31 provinces and cities in China, and then evaluates the usage of unconventional water resource in city of Beijing.
Methods
This paper adopts the method based on the knowledge granularity of rough set to establish an evaluation system. There are three main steps. The first step is to select appropriate evaluation index from the actual data, then divide the selected evaluation indicators according to the actual situation reasonably, and finally calculate the importance of the index and determine the weight.
Building Evaluation Index System
Utilization of unconventional water resources is a multi-objective issue which is coherent with natural, social, economic factors, and so on. This study attributes the water resources utilization usage to driving factors, restrictive factors and risk factor [3] . These three subsystems depend on influence and restrict among them. In order to fully consider the driving factors of unconventional water resources utilization from both the supply and demand sides. On the supply side is investigated. The guarantee rate of conventional water supply is low due to the limitation of endowment conditions of the regional water resource, while the volume of the unconventional water resources can be large and stable. From the perspective of the demand side, the increased water resource gap can provide stable customers for unconventional water resources, and relevant policies and regulations also guarantee the usage of unconventional water resources.
The constraints for unconventional water resources development and utilization include many complicated factors, such as natural, social and economic factors on the influence degree of exploitation and utilization of reclaimed water in different through literature survey and field survey.
The constraint for unconventional water resources development and utilization are mainly divided into engineering conditions, economic conditions, technological level, policies, regulation constraints of ecological environment, as well as social acceptance constraints. The constraints of engineering conditions involve the quantity and quality of water resources, the completeness of supporting pipe network, corrosion resistance of the water supply facilities, etc. Economic constraints involve local economic development level, project investment, water production cost, etc. Technical level constraints include treatment technology and utilization of technical measures. Risk factor involves human health, ecological environment, facilities and equipment, the three links of production, transmission, and distribution, as well as the use of reclaimed water. After trawling through the relevant literature and combining the current situation of water resource utilization of China in recent years, the indicators are preliminarily selected in each subsystem, and the results are shown in Table 1 . [10] [11] [12] [13] [14] [15] [16] 
Partition of Index Ideal Set
Before evaluating the development potential of regional unconventional water resources, it is necessary to reasonably divide the selected evaluation indicators according to the actual situation of China and the characteristics of various regions. Therefore, we first investigate the selection of evaluation index in the general scope of the home and abroad, on the basis of its unconventional water resources development has a positive impact. The target ideal set is ranked by the levels from I to V, which represent the impact on unconventional water resources development from negative to positive. If the score reaches 5 in some areas, it means urgent need of developing unconventional with huge potential for development and utilization of water resources. The standards of the unconventional water resources are shown in Table 2 . [10] [11] [12] [13] [14] [15] [16] 
Rough set
Rough set theory was put forward by the Polish scholar Pawlak, and then got great development in data processing and artificial intelligence. By adopting rough set theory, the problem of uncertainty can be handled objectively only by internal relation between data. In the field of water resources evaluation, the relationship between data and evaluation indexes can be mined through rough set theory, which can objectively show the importance of each evaluation index, so as to avoid the problem of relying too much on expert experience [17] [18] [19] . For a set of information system, based on rough set theory, we can partition it by the attributes set or a Single evaluation attribute . The importance of evaluation attribute x itself and the overall attributes can be calculated using and . The evaluations of attribute weights can be calculated respectively with the importance of evaluation theory. The method can be effectively implemented by data mining through the inner link of the specific way of calculation, shown as follows: [9] (1) 
Analysis and Evaluation
This paper analyzes the internal relationship of indicator data to obtain the importance of each indicator, and normalizes the weight of each indicator. It takes Beijing city as a case to verify the effectiveness and feasibility of this method, which provides a theoretical basis for determining the weight of non-conventional water resources evaluation index more objectively, rationally and accurately.
Data
In this study, the year 2015 was taken as the base year, and the 31 major provinces and cities were selected as the research objects to obtain the index weights in line with the development of unconventional water resources in China. The evaluation index data are from the National Bureau of Statistics Data. The specific data is shown in Table 3 . Note:
Determination of the Index Weight
Based on the calculation methods above, we can calculate Sigx(X), Sig(x), and SIG(x). After normalizing SIG(x), the weights are obtained and the results are shown in Table 4 . After trawling through the relevant literature and combining the current situation of water resource utilization of China in recent years, the weights of the three Rule Layer are 0.4,0.4,0.2. 
Evaluation result
On the basis of overall weight, we selected the related data of Beijing from 2006 to 2017 in Table 5 . The overall weight of the index layer obtained above (Table 4) is multiplied by the rating of each index to obtain the final evaluation result in Table 6 . According to the evaluation results, the urgency of unconventional water resources development in the Beijing show an overall upward trend, with a small range of fluctuations. The reasons can be elaborated as follows: The utilization of water resources in Beijing still aims at economic orientation at present, and due to the further aggravation of water shortage, the demand for the development and utilization of unconventional water resources is increasing. The urgency of unconventional water development was eased in 2012 and 2016 when rainfall was abundant and the increase in conventional water resources made up for the shortfall in water demand. It is also in line with the current national incentive to use unconventional water resources. 
Conclusions
Unconventional water resources utilization is an important way to make up for the shortage of water resources in China. At present, there are many researches on the evaluation methods of unconventional water resources utilization, but no unified standard and recognized methods have been formed. In the evaluation of unconventional water resources, the determination of index weight is the key to influence the evaluation result. Whether the weighting method is reasonable and whether the weighting result is objective directly affects the accuracy and validity of the evaluation result. The evaluation of unconventional water resources was studied based on the rough set theory, to determine the rule layer internal index weight, which can objectively reflect the study area the intrinsic relationships between each evaluation index. Moreover, by means of the incorporation of expert experience on the basis of the actual development situation to determine the overall weight rule layer, the evaluation system can accurately reflect the objective conditions and effectiveness.
The 31 provinces were used as the object of evaluation, then the data processed by the weighted method based on the knowledge granularity of rough set, and the attribute importance of rough set knowledge granularity for unconventional water resources evaluation index system is derived from the objective original data of real sample land, from which the correlation and importance of each index are excavated. On the basis of overall weight, relevant data from 2006 to 2017 in Beijing were selected, and the results show that the urgency of unconventional water resources development in Beijing was generally on the rise with a small fluctuation range. The evaluation results are in good agreement with the actual situation. 
